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Book Review 
Pattern Synthesis: Lectures in Pattern Theory, Vol. 1. By U. 
GaENANDER, Applied Mathematical Sciences No. ! 8, Springer-Verlag, 
New York, 1976, 509 pp. 
"Pattern Synthesis" is the first volume of a series of three, which Professor 
Ulf Grenander intends to devote to a study of "the patterns themselves in terms 
of a precise formalism which will serve as the conceptual basis for synthesizing 
and analyzing patterns, helping us to understand how they are formed and 
processed" (p. 2). This is certainly an ambitious and distant goal, and it is not 
clear at all whether it can be reached using so!ely the languages of mathematics 
and deductive r asoning, rather than by using a mixture of philosophical, bio- 
physical, phenomenological, nd epistemological structures or symbolisms 
(Aristote, Kant, Bergson). The reader may therefore b  well advised to look 
upon himself as a Sunday stroller walking around in the perceptual world of 
patterns with his brand-new unused tool case (this book), testing these tools 
casually each time his curiosity awakens; he may obtain rewards through this 
process, but he should not really care if many tools fit inadequately, because 
they probably ought to be used a bit first, and the users manual ought to be 
simplified. 
Grenander's generative pattern world is defined entirely by the following 
elements: 
(a) Primitive patterns g e G, called generators, linked to other generators 
through oriented connections called bonds; each generator can generally be 
considered as isomorphic to mappings g: X ~ Y, where X is the background 
space and I/" is the pure image space; generators are studied in Chapter 1. 
(b) Regular configurations c of generators, specified by their content 
(independent of the bonds), and their structure a ~ 27, where 27 is the set of 
allowable connections between the bonds; the bond agreement relation operator 
is noted p; configurations are studied in Chapter 2. 
(c) Observation or identification relations R between configurations, in- 
ducing pure images as being equivalence classes I ~ (Y[R); R cannot discri- 
minate among configurations c E I for which the connections fit the bond 
structure a; algebras 3; e (Y/R) of pure images are defined, and are studied in 
Chapter 3. 
(d) Deformations d e D of the pure images/, considered as mappings of 
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d: 3; --~ Z, where Z is the contrast space in which objects can actually be observed 
(generally Z C Y); deformations are studied in Chapter 4: they produce a loss of 
the information carried by I. 
(e) Similarity transformations s: G--~ G, s ~ S which do not affect the 
information value of each generator g a G. 
(f) Each of the sets G, 2J, S, 2;, D may be assigned either of the following: 
a topology, a measure, an algebric structure, and a vector space structure. 
The content of the book is of two types: first a considerable number of notions 
adding up to the basic formalism, and not always defined very clearly even from 
a mathematical point of view; next, a large number of cases where attempts are 
made to use these formal aspects in order to synthesize patterns close to those 
from the real world and to study some of the their properties. 
Chapter 1 deals with point, set, and functional generators of different ypes. 
In the case of waveforms (pp. 17, 34-35), the author defines G via the condition 
Lg = 0, where L is a given linear differentiable operator; experience tells us 
usually that waveforms tend to belong to more general functional spaces. The 
case where the generators are measures is incompletely specified in terms of 
measure theory (Case 3.21). 
Chapter 2 is devoted to the generation of regular configurations and makes 
extensive (though indirect) use of notions from context-free grammars and 
graphs. Regularity, especially, is not defined as it is usually for formal grammars 
on partially ordered fields. 
Interesting results are presented in connection with the Fourier transforms of 
the connection types (also called Fourier descriptors, pp. 70-82) and with 
syntax controlled probability models (pp. 83-91, also 105-130); both demon- 
strate the existing links between algebraic dependence and probabilistic on- 
centration. 
In Chapter 3, the pure images give rise to a variety of problems: segmentation, 
logarithmic rankings, temporal patterns (speech ECG), colored graphs for 
genetics and anthropology, diffuse network patterns in the plane, growth 
patterns, motion patterns, and Boolean patterns. This 265-page-long exploration 
contains parts which are very "fuzzy," but, fortunately, also contains new, 
detailed, results. 
Chapter 4 is probably the most inspiring, because it gives a good insight into 
the interactions between the intrinsic properties of pure patterns (s, a, R), and 
the different classes of deformation mechanisms by level and type (regular, 
covariant, homomorphic, additive). This includes random deformations covariant 
in probability, changes in the background space X, convexifying effects for mean 
images (p. 384), blurring, and pruning. The author also reports about a special 
study of geomorphological and spectrum patterns (pp. 400-411). 
In conclusion, this first book is recommended reading for theoretically 
inclined researchers in applied mathematics, linguistics, and syntactic pattern 
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recognition. Many basic issues remain, however, unresolved and one really 
misses natural links to progressively welt-established work in other areas: 
(1) The bond-generator formalism is actually very close to Web gram- 
mars of directed graphs, and, more generally, the significance of formal grammars 
is underevaluated. 
(2) The configuration concept is also very close to neurone networks, 
which are almost ignored. 
(3) Deformation characteristics are not measured in terms of complexity, 
either algorithmic or as in artificial intelligence. 
(4) Topological considerations are ignored, especially connectivity (a) and 
separation (R). 
(5) The identification of distorted patterns is not discussed in terms of 
separation results, other than those in topological vector spaces. 
(6) Differential topology and the algebraic theory of categories are hardly 
mentioned. 
(7) It is not clear at all whether the suggested formalism may model 
adequately texture patterns, handwriting, and speech. 
L. F. PAu 
Department ofElectrical Engineering and Computer Science 
Massachusetts In titute of Technology 
Cambridge, Massachusetts 02139 
